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Abstract 
Chemical mechanical nano grinding is a key technology in magnetic recording head manufacturing process. The magnetic 
recording head is an important component of hard disk drive which is used for reading and writing data in to the media. Thin film 
of metal alloys and metal oxides are fabricated on ceramic substrate called wafer to create the recording heads. In order to control 
surface properties of the recording head, the precise chemical mechanical nano grinding process is used. In this process the 
recording heads are treated to archive the designed surface properties by using lubricants to control the selectivity of material 
removal. This research studied the effect of additives in ethylene glycol based lubricant on the selectivity of material removal. Two 
additives were added in ethylene glycol to create the lubricant and their pHs were measured. The material removal rate can be 
predicted by measuring wettability of lubricant on surface of material. Nickel iron alloy (NiFe) was used to represent the surface 
material of magnetic shield of the recording head. The wettability of lubricants were measured on NiFe surface by contact angle 
measurement technique to show the selectivity on each NiFe. The results were compared with the atomic force micrograph of 
material after lapping process and show that the selective removal of material can be occurred by this method.  
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1. Introduction 
Magnetic data storages or hard disk drive are widely used for storing data in computers and other electrical 
devices.1 The recording head which is called a slider is one of the most important parts of hard disk drive. It is used 
for reading and writing data into a media. To fabricate the sliders, metal oxides and metal alloys are sputtered on the 
ceramic substrate and are sliced into the individual row bars.2 The row bars are lapped to create the desired surface 
properties such as planarization, roughness and height of individual species on the sliders. The row bars are then cut 
into sliders and are assembled to create the recording component of hard disk drive. The recession of softer specie 
tend to occur, because sliders consist of varieties of material whose properties are different.3 For this reason, the 
selective material removal is needed in order to control the quality of finished surface of the sliders. Chemical 
mechanical nano grinding is used to create the selective material removal and ethylene glycol-based lubricant is used 
to control the chemical effects.4 The lubricant consists of several additives which are added to control properties of 
lubricant such as pH and surface tension. Wettability of lubricant on material’s surface is one of the most important 
factors that control the selectivity of material removal.5 It effects mainly on ability to create protective film on the 
surface of material and reduce the removal rate of the soft material. In this research, the nickel iron alloy was used to 
represent the material of magnetic shield of slider and the wettability of lubricants on these surfaces was measured. 
2. Materials and Methods 
2.1. Materials 
The sliders consist of thin-film-alloy of nickel-iron or NiFe which are coated on Al2O3-TiC (AlTiC) by electro 
plating were supplied by Western Digital (Thailand) Co., Ltd. Ethylene glycol (EG), additive A and additive B which 
are AR grade were supplied by Merck, Germany, Tokyo Chemical Industry Co.,Ltd., and CHEMOS GmbH, 
respectively. Additive A is an inorganic oxidizing substance. Additive B is an organic compound with carboxylate 
ligand. Three different concentrations of additive A which are 0%, 0.5% and 1%, and three different concentrations 
of additive B which are 0%, 0.25% and 0.5% were added to create 5 samples of lubricant as shown in Table 1. The 
range of variation is similar to the commercial grade one. 
Table 1. Concentration of lubricant samples 
Recipe EG (wt%) Additive A (wt%) Additive B (wt%) 
1 100.00 0.00 0.00 
2 99.50 0.00 0.50 
3 99.25 0.50 0.25 
4 99.00 1.00 0.00 
5 98.50 1.00 0.50 
2.2. Methods 
2.2.1.  Characterization of lubricant 
The pH of lubricants are measured and the results are analyzed statistically to indicate the effect of each additive 
by using multiple regression models.6 These properties of lubricant can affect the removal rate and surface properties 
of slider. 
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2.2.2. Characterization of lapping process  
Lapping process is the process removing material from slider and controlling the surface properties of magnetic 
recording head. One of the most important factors of this process is lap time. It is the time that is used to complete one 
cycle of lapping process. The lapping process in this study is controlled by the height of slider based material which 
is AlTiC. The lapping machine polishes slider until it reachs design criteria. Then lap time is measured. Pole tip 
recession is measured by scanning electron microscopy (SEM) and atomic force microscopy (AFM). It shows the 
difference in height of nickel iron alloy compared to AlTiC which is slider base material.  
2.2.3. Wettability measurement 
Wettability is measured by contact angle measurement7 on NiFe surface. Wettability of lubricant on surface is 
related to material removal rate and selectivity. Contact angle is measured by using direct measurement of tangent 
angle at three phases contact point on a sessile drop profile. The equipment consists of a horizontal stage to mount 
solid, a micro-scaled syringe to create a drop of liquid, a light source, and a telescope to measure the angle. The contact 
angles were measured by dropping liquid on solid surfaces. Then telescope take photo of each drop. The photos are 
sent to program to compute the angle. 
 
3. Results and discussion 
3.1.  Properties of lubricants 
The lubricants were prepared by adding additive in to ethylene glycol as shown in Table 1. The pH of lubricants 
was measured as shown in Table 2. The date were analysed and the plots were generated using JMP program.  
Table 2. pH of lubricant samples 
Recipe 
Additive A 
(w%) 
Additive B 
(w%) pH 
1 0.0 0.00 9.94 
2 0.0 0.50 8.34 
3 0.5 0.25 8.65 
4 1.0 0.00 9.89 
5 1.0 0.50 8.40 
 
Fig. 1. shows the effects of additive A and additive B on pH. From the trend line, it can be seen that additive A 
increases pH of the solution due to its properties as a weak base, while additives B decrease pH of the solution due 
to the carboxylic ligand in the molecule.  
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Fig. 1. pH of lubricant as a function of weight percentage of additive A and additive B 
The effect of both additives on pH is shown in Fig. 2. which shows that the highest pH which is more than 9.75 is 
achieved when the lubricant have high amount of additive A and low amount of additive B, while lowest pH is 
achieved when the lubricant contains high amount of additive B regardless the amount of additive A. Fig. 2. also 
shows that additive A increases high pH area when additive B is added in high content, which means that additive A 
act as pH buffer. The anion of additive A acts as pH buffer due to its properties of weak base that can receive the 
proton.  
 
 
Fig. 2. Contour Plot for pH as a function of additive A and additive B 
pH of the solution is one of the important property that has to be controlled.  It has effect on material removal rate 
due to solubility properties of slider materials. The results of pH measurement will be used in the next part to explain 
the selective removal of AlTiC. 
3.2. Lap time 
Lap time is the time that is used for lapping. It indicates the material removal rate in which the shorter time means 
higher material removal rate. Lap time is measured by lapping machine. Material that represents the removal rate is 
AlTiC which is the main component of slider. Lap time is a very important factor because it affects the productivity 
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of the overall process. If the lap time can be reduced, the productivity of process will be increased.  
The chemical of additives are important to the material removal rate because chemical reaction can be formed 
between the slider material, lubricant, and lapping plate. The reacted layers will be removed from the slider material 
by subsequent mechanical action of abrasive and lapping plate. The additives play the main role in achieving selective 
lapping of material, namely AlTiC, Alumina, and NiFe.  
From Fig. 3, additive A effectively decreases lap time due to increment of pH of lubricant. AlTiC has low solubility 
in the range of pH from 4 to 8 and its solubility will be increased in pH higher than 8. For these reasons, the high pH 
lubricant with additive A removes AlTiC faster than lower pH lubricant. Additive B increases the lap time because 
additive B decreases pH of the lubricant. AlTiC has low solubility in the solution that has pH lower than 9 which 
reduces the material removal rate of AlTiC. 
 
Fig. 3. Lap time as a function of weight percentage of additive A and additive B 
The effects of both additives on lap time are shown in Fig.4. by the contour plot. The plot shows that the lowest 
lap time can be achieved when lubricant contains the highest amount of additive A and lowest amount of additive B. 
Lap time depends on both additives.  
 
Fig. 4. Contour plot for lap time as a function of weight percentage of additive A and additive B 
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The chemical of additives are important to the material removal rate because chemical reaction can be formed 
between the slider material, lubricant, and lapping plate.8 The reacted layers will be removed from the slider material 
by subsequent mechanical action of abrasive and lapping plate. The additives play the main role in achieving selective 
lapping of material, namely AlTiC, Alumina, and NiFe. 
3.3.  Pole tip recession 
To study pole tip recession, the heights of nickel iron alloys are measured by Atomic Force Microscopy (AFM) as 
a relative height to AlTiC. The results are shown in Table 3. The pole tip recession represents the selective material 
removal of the process. Normally, metal alloy (NiFe) which is a softer material comparing to a ceramic (AlTiC) tends 
to be faster removed by mechanical polishing. The metal alloy recession is then occurred. However, slider lapping 
process needs to control the recession and height of both components. The additives play the main role in protecting 
softer material by forming protective film and creating the selective material removal. 
Table 3. Mean height of nickel iron components for each lubricant sample 
Recipe Additive A (w%) Additive B (w%) Height of NiFe compare to AlTiC (nm) 
1 0.0 0.00 0.240 
2 0.0 0.50 1.066 
3 0.5 0.25 0.482 
4 1.0 0.00 0.160 
5 1.0 0.50 0.645 
 
The data from Table 3 were analyzed by using multiple regression models. The results show the effect of each 
additive on the height of nickel iron after lapping comparing to the height of AlTiC. Fig. 3 shows that the increasing 
in concentration of additive A decreases the height of NiFe due to the reduction reaction of cation in additive A.9 Fig. 
5 also shows that the increasing in concentration of additive B increases the height of NiFe because additive B which 
is an organic compound with polar group tends to cover the surface of metal and form the surfactant film.10 The 
surfactant film can act as cushion to pull the contact between surface of slider material and lapping plate away. 
Therefore, the removal rate on the surface that covered with surfactant film is lower than that without surfactant film. 
 
 
Fig. 5. Height of NiFe20 as a function of weight percentage of additive A and additive B 
The effect of both additives on height of NiFe is shown in Fig. 6 by the contour plot. The plot shows that the 
highest height of NiFe can be achieved when additive A is added in less than 0.5 weight percentage in the lubricant. 
Additive B has mainly effect on increasing height of NiFe and increases the allowable amount of additive A in the 
lubricant to achieve the desired height of NiFe. 
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Fig. 6. Contour plot for height of NiFe20 as a function of weight percentage of additive A and additive B 
The pH of lubricant also has effect on the selectivity in term of solubility of AlTiC.11 The suitable environment 
for polishing AlTiC is in the solution whose pH is above 8 due to high solubility of AlTiC in the solution. 
3.4.  Wettability 
Wettability of lubricant on surface is one of the most important factors to create the selective lapping. It can be 
measured by contact angle measurement. The contact angle is defined as the angle made by the intersection of the 
liquid/solid interface and the liquid/air interface. It can be alternately described as the angle between solid sample’s 
surface and the tangent of the droplet’s ovate shape at the edge of the droplet. A high contact angle indicates a low 
solid surface energy or chemical affinity. This is also referred to as a low degree of wetting. A low contact angle 
indicates a high solid surface energy or chemical affinity, and a high or sometimes complete degree of wetting.   
Table 4. Mean contact angle of lubricants on nickel iron components 
Recipe Additive A (w%) Additive B (w%) Contact angle on NiFe (Degree)  
1 0.0 0.00 45.55 
2 0.0 0.50 40.98 
3 0.5 0.25 39.44 
4 1.0 0.00 44.38 
5 1.0 0.50 36.18 
Table 5. Interpretation for contact angle of different lubricant on NiFe20 
Recipe Angle (degree) Angle (Radian) Cosߠ wettability Adhesiveness 
1 45.55 0.7950 0.7003 Poor Poor 
2 40.98 0.7152 0.7549 4th 4th 
3 39.44 0.6884 0.7723 2nd 2nd 
4 44.38 0.7746 0.7147 3rd 3rd 
5 36.18 0.6315 0.8072 Best Best 
 
From the results we can conclude that the ethylene glycol without additives has the poorest wettability and 
adhesiveness on surface of NiFe. When additives were added in lubricant, its wettability is better. The better 
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wettability can lead to adhesiveness of lubricant to stay and cover the surface during lapping and acts as the interlayer 
between the diamond tips and the substrate surface as well as can also help to transport the debris from the lapping.  
 
4. Conclusion 
Wettability is one of the important properties of the lubricant which show the adhesiveness of lubricant on the 
surface. The better wettability leads to better adhesiveness and better protective on the surface. Moreover, additive B 
can form the protective film on surface of NiFe to pull contact away and reduce the recession. Additive A can create 
the reduction reaction on NiFe and increases the recession, but it also increases the removal rate of AlTiC due to 
higher pH of the solution. For these reasons, the suitable amount of additives which are 0.5 weight percentage of 
additive A and 0.2 weight percentage of additive B is needed to control the lapping process effectively. 
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